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DEXAMETHASONE  SUPPRESSES  ACTH  RELEASE  WITHCXJT  ATTENUATING 
PITUITARY  CYCUC  AMP  RESPOhBE  TO  STRESS  IN  VIVO 


G.  Jean  Kant,  Edward  H,  Mougey,  Angela  J.  Brown  and  James  L.  Meyerhoff 

Department  of  Medical  Neurosciences,  Walter  Reed  Army  Institute  of  Researdi, 
Walter  Reed  Army  Medical  Center,  Wadidngton  DC  20307-5100*’^ 

(Received  In  flnel  form  May  4,  1989) 

Summary 

Dexamethasone,  a  synthetic  glucocorticoid,  has  been  ^wn  to 
decrease  basal  and  stress-elevated  levels  of  the  pituitary  hormone 
ACTH.  Glucocorticoids  are  known  to  bind  to  multiple  sites  within  the 
brain  and  pituitary  and  it  is  not  known  which  site(s)  is  most  important  in 
mediating  the  observed  inhibition  of  ACTH  release.  At  the  level  of  the 
corticotroph,  there  is  contradictory  data  from  in  vi^o  stixlies  regarding 
whether  dexamethasone  acts  proximal  or  distal  to  the  formation  of  the 
cyclic  AMP  second  messei^er  ttiat  has  been  shown  to  be  involved  in  CRF- 
stimulated  ACTH  release,  bi  the  present  report,  we  have  examined  the 
effects  of  dexamethasone  pretreatment  on  stress-induced  elevations  in 
pituitary  cyclic  AMP  and  the  release  of  ACTH  in  vivo. 

Acute  stress  (15  min  of  intermittent  footshock)  elevated  levels  of 
pituitary  cyclic  AMP  and  plasma  ACTH  consistent  with  previous  studies. 
Dexamethasone  administration  (0.4mg/kg  24  hr  prior  to  sacrifice  plus 
0.2mg/kg  2  hr  prior  to  sacrifice)  inhibited  stress-induced  elevations  in 
plasma  ACTH  but  did  not  affect  pituitary  cyclic  AMP  response  to  acute 
stress.  These  findings  suggest  that  dexamethasone  inhibits  the  release  of 
ACTH  via  an  action  distal  to  the  generation  of  cyclic  AMP. 


Since  die  purification  and  characterization  of  the  hypothalamic  peptide  CRF  in 
1981  by  Vale  arid  colleagues,  numerous  in  vitro  and  in  vivo  studies  have  shown  that 
CRF  is  the  primary  physiological  regulator  of  ACTH  release  (1,2).  Furthermore,  in 
vitro  studies  have  shown  that  CRF-stimulated  ACTH  release  from  pituitary 
cortKotrophs  occurs  via  a  series  of  steps  initiated  by  binding  of  Cl^  to  corticotroph 
receptors,  followed  by  activation  of  adenylate  cyclase,  synthesis  of  cyclic  AMP, 
activation  of  cyclic  AMP  depeident  protein  kinase,  phosph^lation  of  corticotroph 
proteins  and  culminating  in  the  release  of  ACTH  (3,4). 


1.  The  views  of  the  authors)  do  not  piaport  to  reflect  the  position  of  the  Departm«it 
of  the  Army  or  the  Department  of  Def«ise,  (para  4-3,  AR  3€0-5). 
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and  adheres  to  principles  stated  in  the  Guide  for  the  Care  and  Use  of  Lavatory 
Animals,  NIH  ptiilication  85-23.  All  procedures  were  reviewed  and  approved  by  the 
WRAnr Animal  Use  Review  Committee. 
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Glucocorticoids,  including  the  synthetic  glucocorticoid  dexamethasone,  have  been 
shown  to  inhibit  the  release  of  ACTH  from  pituitary  cells  in  culture  and  to  suppress 
restii^  and  stress-induced  ACTH  release  in  vivo  (5-12).  There  have  been  inconsistent 
reports  from  in  vitro  studies  regarding  the  probable  site(s)  of  action  of  dexamethasone 
in  the  pituitary.  Some  data  suggest  that  dexamethasone  acts  proximal  to  the 
generation  of  cyclic  AMP  while  other  data  suggest  that  dexamethasone  acts  distal  to 
the  formation  of  this  second  messenger  (6,2).  Some  of  these  inconsistent  findings  may 
be  due  to  the  different  in  vitro  test  corxiitions  employed. 

Our  laboratory  has  reported  that  acute  stress  increases  levels  of  pituitary  cyclic 
AMP  in  viTO  and  that  this  stress  effect  is  highly  correlated  with  the  in  vivo  releare  of 
the  three  POMC-derived  hormones  regulated  by  CRF,  i.e.  ACTH,  B-endorphin  and  B- 
LPH  (13-18).  In  addition,  stress-indued  increases  in  levels  of  pituitary  cyclic  AMP  and 
plasma  ACTH  are  inhibited  by  administration  of  CRF  antisera  and  blo^ed  by  lesions  of 
the  CRF-containing  paraventricular  nucleus  of  the  hypothalamus  (19,20).  From  these 
experiments  and  othds,  we  have  concluded  that  the  observed  stress-induced  increase  in 
pituitary  cyclic  AMP  is  the  result  of  stress-released  CRF  activation  of  pituitary 
corticotroph  CRF  receptors  and  that  cyclic  AMP  is  involved  in  stress-induced  release  of 
ACTH  and  related  POMC  pqitides  (18-20). 

Usii^  the  stress-induced  elevations  in  pituitary  cyclic  AMP  as  an  indicator,  the 
present  experiments  were  conducted  to  deterTPine  whether  the  pituitary  site  of  action 
of  dexamethasone  was  proximal  or  distal  to  cyclic  AMP  synthesis.  Rats  were 
pretreated  with  dexamethasone  or  v^ticie  and  then  sacrifk^  immediately  upon 
removal  from  their  home  cage  or  following  15  min  of  intermittent  footshock.  The 
effects  of  dexamet'iasone  pretreatment  on  pituitary  cyclic  AMP  and  plasma  ACTH 
levels  were  then  compared. 


Materials  and  Methods 


Animals 

Male  Sprague-Dawley  rats  (300  ±  50  grams)  were  purchased  from  Zivic-Miller  and 
housed  for  a  minimum  of  two  weds  in  our  animal  housing  facility  prior  to  each 
experimoit.  The  rats  were  individually  caged  and  maintained  under  a  12:12  lighting 
regimen  with  lights  on  at  0700  hrs.  Food  and  water  were  freely  available. 

Drugs 


Dexamethasone  (Sigma,  St.  Louis,  MO)  was  dissolved  in  a  5%  ethanol/  95%  saline 
solution.  Rats  were  injected  twice  with  dexamethasone,  once  29  hr  prior  to  sacrifice 
with  0.4mg/lcg  and  a  second  injection  of  0.2mg/kg  given  2  hrs  prior  to  sacrifice.  This 
dose  regimen  has  been  shown  to  suppress  basal  and  stress-ele>mted  ACTH  levels  (21). 
Vehicle-injected  rats  received  the  same  amount  of  the  ethanol/saline  solution. 

Footshock 

Rats  were  either  sacrificed  immediately  upon  removal  from  their  home  c^e  or 
exposed  to  15  min  of  intermittent  footshock  and  sacrificed  immediately  following  the 
15  min  stress  session.  Scrambled  footshock  was  delivered  on  a  variable  interval 
schedule  (VI  30)  such  that  a  5  sec  shock  (1.6  mA  intensity)  was  delivered  approximately 
once  per  30  sec.  This  stress  model  has  been  well-characterized  in  our  laboratory  (13^ 
17). 
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Experimental  Procedures 

Two  eiqieriments  were  performed.  In  the  first  experiment,  rats  were  sacrificed 
by  decapitation  to  avoid  any  p«^ibUity  of  heat-induced  degradation  of  ACTH  that 
might  result  from  microwdve  irradiation.  In  the  second  experiment,  rats  were 
sacrificed  by  microwave  irradiation  to  prevent  potential  post-mortem  changes  in 
pituitary  cyclic  AMP  levels.  In  each  experiment,  12  rats  were  pretreated  with 
dexamethasone  and  12  rats  with  vehicle  as  described  above.  Six  rats  from  each 
pretreatment  group  were  sacrificed  immediately  upon  removal  from  their  home  cage 
(controls)  while  another  six  rats  from  each  pretreatment  group  were  exposed  to  15  min 
of  fMtdK)ck  and  then  sacrificed.  Following  decapitation  in  the  first  experiment,  whole 

fkituitaries  were  dissected,  weighed  and  quickly  h^ted  to  90o  in  sodium  acetate  buffer 
pH  6.2,  0.03M)  to  prevent  port-mmtem  changes  in  levels  of  cyclic  AMP  (22).  Whole 
pituitaries  were  used  to  minimize  dissection  time;  however,  stress-induced  increases  in 
pituitary  cyclic  AMP  are  confined  to  the  anterior  lobe  (23).  After  15  min  at  900,  the 
pituitaries  were  sonicated  and  centrifuged.  Supernatants  were  stored  until  assa^'ed  for 
^clic  AMP.  Trunk  blood  was  collected  with  heparin  and  trasylol  (a  protease 
inhibitor).  Following  centrifugation,  plasma  was  stored  at  -40o  until  assayed  for  ACTH. 

In  the  second  exptf  iment,  animals  were  sacrificed  by  microwave  irradiation  (5  sec 
of  high  power  irradiation  using  a  modified  Varian  PPS-2.5  power  generator  with  an 
output  of  2.5  KW  at  a  frequency  of  2450  MHz)  to  ensure  that  no  post-mortem  changes 
occurred  in  levels  of  pituita^  cyclic  AMP.  In  all  other  respects  this  experiment  was 
identical  to  the  first  experiment.  Pituitaries  were  placed  in  1  ml  sodium  acetate 
buffer,  sonicated  and  centrifuged  as  above.  No  90o  incubation  was  rerpiired  since 
microwave  irradiation  inactivates  enzymes  in  situ  (22). 

Radioimmunoassay  Procedures 

Cyclic  AMP  was  determined  by  radioimmunoassay  using  antibodies  produced  in 
rabbits  in  our  laboratory  (24).  A  hi^y  specific  antiserum  was  used  at  a  final  dilution 
of  1:400,000.  The  antiserum  exhibited  cross-reactivities  for  ATP  and  CMP  of  less  than 
0.00007  and  0.14%  respectively.  Within  assay  variation  was  7%  and  between  assay 
variation  was  18%. 

ACTH  was  measured  in  unextracted  rat  plasma  using  a  radioimmunoassay  kit 
(Immuno  Nuclear  Corp).  We  have  found  that  ACTH  levels  determined  in  extracted  vs 
unextracted  plasma  from  rat  (unpublished  data)  but  not  human  blood  are  equivalent 
(25).  Human  ACTH  was  used  as  a  standard.  The  assay  was  performed  in  12  x  75 
polyprt^lene  tubes  using  an  on  j'  t  incubation  at  4oC.  Assay  sensitivity  was 
approxiirately  10  pg/mi.  The  intra^ss.-.  /  coefficient  of  variation  was  2.5%  at  380  pg/mi 
and  the  interassay  coefficient  of  va-  •  n  was  <5%.  The  cross-reactivity  of  the  ACTH 
antibody  (measured  at  1200  pg/ml)  is  c«,.01%  with  alpha-MSH,  B-endorphin,  b-LPH,  Met 
or  Leu-enkephalin. 

Statistics 

The  data  for  each  experiment  were  analyzed  by  two-way  analysis  of  variance  for 
the  effects  of  pretreatment  (vehicle  or  dexamethasone)  and  experimental  group  (control 
or  footshock).  Following  the  finding  of  a  significant  F  score,  selected  follow-up 
comparisons  between  dexamethasone-treated  control  vs  vehicle  control  and  between 
dexamethasone-shocked  and  vehicle-shocked  were  made  using  Student's  t  test  with 
Bonferroni  correction. 
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Results 

As  shown  in  Fig  !.«  footshodc  increased  levels  of  pituitary  cyclic  AMP  in  the  first 
e]q)erinient  (F=27,  df=l(  p  <0.0001).  Dexamethasone  pretreatment  did  not  alter 
pituitary  cyclic  AMP  levels  (F=1.06,  df=l,  p>0.05).  As  shown  in  Fig.  2  ,  footshodc 
increased  levels  of  plasma  ACTH  <F=24t  dfsl,  p<0.0001)  and  dexamethasone 
pretreatmoit  significantly  decreased  levels  of  ACTH  (F=  23,  df=l,  p<0.0001). 


CONTROLS  FOOTSHOCK 


Figl. 

Experiment  1.  Effect  of  dexamethasone  pretreatment  on  pituitary  cyclic  AMP  response 
to  acute  stress  (13  min  intermittent  footdxxJc).  Values  r^esent  the  means  t  SEM  of  6 
animals  per  group.  Animals  sacrificed  by  decapitation. 


Pig  2. 

Experiment  1.  Effect  of  dexamethasone  pretreatment  on  plasma  ACTH  response  to 
acute  stress.  Values  represent  the  means  t  SEM  of  6  animals  per  group.  *  significantly 
less  than  vehicle-pretreated  from  same  experimental  group,  Student's  t  test  with 
Bonferroiu  correction  (p<0.01). 


Vol.  45,  No.  2,  1989 


Dexamethasone  and  Pituitary  Cyclic  AMP 


129 


I 


I 


» 


I 


In  expo’iment  2,  rats  were  sacrificed  by  microwave  irradiation.  As  in  experiment 
1,  footshock  increased  levels  of  pituitary  cyclic  AMP  (F=13,  df=l,  p<0.01),  and 
dexamethasone  treatment  was  wittwut  effect  (Fig  3). 


Fig  3. 

Experiment  2.  Effect  of  dexamediasone  pretreatment  on  pituitary  cyclic  AMP  reqxMise 
to  acute  stress.  Values  represent  the  means  t  SEM  of  6  animals  per  group.  Animals 
sacrificed  by  microwave  irradiation. 


Discussion 

The  hypothalamic  peptide  CRF  is  thought  to  be  the  primary  regulator  for  the 
control  of  pituitary  ACTO  release.  The  release  of  ACTH  from  pituitary  corticotrophs 
in  response  to  CRF  stimulation  has  been  shown  to  proceed  via  a  series  of  steps  in  which 
cyclic  AMP  is  involved  as  a  second  messenger.  ACTH,  in  turn,  stimulates  the  release  of 
glucocorticoids  (corticosterone,  in  rats)  from  the  adrenal  gland.  Glucocorticoids  have 
been  shown  to  inhibit  the  release  of  ACTH.  Doth  brain  and  pituitary  sites  of 
glucocorticoid  binding  have  been  described  (26-29)  and  glucocorticoids  have  been  shown 
to  both  inhibit  CRF  release  from  the  hypothalamus  and  inhibit  CRF  binding  to 
corticortropte  (29,30).  Clearly,  a  brain  site  of  action  for  the  mechanism  of 
glucocorticoid  inhibition  of  ACTH  release  would  be  proximal  to  the  CRF-stimulated 
generation  of  pituitary  cyclic  AMP.  In  the  pituita^,  glucocorticoids  could  inhibit 
ACTH  release  by  actions  either  proximal  (e.g  at  the  CRF  receptor)  or  distal  (e.g.  by 
affecting  POMC  ejqKession)  to  (^clic  AMP  formation.  The  data  generated  by  in  vitro 
studies  luve  not  bem  consistent  in  this  regard. 

For  example,  the  data  of  Bilezik|ian  and  Vale  suggest  that  dexamethasone  inhibits 
both  CRF-stimulated  cyclic  AMP  production  and  ACTH  release  from  cultured  anterior 
pituitary  cells.  On  the  other  hand,  Giguere  et  al.,  also  using  a  cultured  anterior 
pituitary  cell  j^eparation,  have  reported  that  CRF  stimulation  of  ACTH  release  was 
markedly  inhibited  by  dexamethasone  while  CRF-stimulated  cyclic  AMP  accumulation 
was  unaffected. 

Furthermore,  while  in  vitro  studies  are  useful  in  dissecting  components  of  the 
physiological  mechanisms  involved  in  ACTH  release,  extrapolation  of  the  results  to  the 
physiology  of  the  intact  animal  with  the  hypothalamus,  pituitary  and  adroials  working 
in  concert  is  tenuous.  Clearly,  glucocorticoids  bind  to  multiple  sites.  But  which  sites 
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are  of  most  importance  in  inhibiting  ACTH  release  in  vivo  ?  The  present  study  was 
conducted  to  attempt  to  answer  this  cpiestion. 

Although  stress  causes  the  release  of  numerous  central  and  peripheral 
neurotransmitters,  releasing  factors  and  hormones  that  might  act  upon  different 
pituitary  cell  types  (e.g.  lactotrophs,  somatotrophs)  that  utilize  cyclic  AMP  as  a  second 
messei^er,  we  have  shown  in  a  series  of  published  experimentsil  reports  (18-20)  that 
stress-incKiced  elevations  of  pituitary  cyclic  AMP  are  the  result  of  CRF  stimulation  of 
pituitary  corticotroph  receptors  linked  to  adenylate  cyclase.  Stress-induced  pituitary 
cyclic  AMP  elevations  are  highly  correlate  with  increased  plasma  levels  of 
corticotroph  hormones  regulated  by  CRP,  i.e.  ACTH,  B-endorphin,  B-LPH  (17,18),  but 
not  with  ^olactin  and  growth  hormone  (15,18).  Also,  the  pituitary  cyclic  AMP  response 
to  stress  is  mimicked  by  administration  of  exogenous  CRF,  is  completely  abolish^  by 
lesions  of  the  major  CRF  cell  body  iHicleus  ,  the  paraventricular  nucleus  of  the 
hypothalamus  (20)  and  is  attenuated  by  pretreatment  with  CRF  antisera  (19).  These 
data  support  numerous  in  vifro  studies  which  have  shown  that  CRF-stimulated  release 
of  corticotroph  hormones  utilizes  cyclic  AMP  as  a  second  messenger  (3,4).  Acute  stress 
increases  levels  of  pituitary  cyclic  AMP  and  plasma  levels  of  corticotroph  hormones  in 
a  parallel  fashion.  The  present  study  was  conducted  to  determine  whether 
dexamethasone  would  inhibit  both  stress-induced  pituitary  cyclic  AMP  and  plasma 
hormone  elevations  thus  suggesting  that  the  physiologically  relevant  in  vivo  site  of 
action  of  dexamethasone  was  proximal  to  cyclic  AMP  formation,  or  whether 
dexamethasone  would  inhibit  hormonal  response  to  stress  without  affecting  the  cyclic 
AMP  response  thus  suggesting  that  the  primary  site  of  action  for  dexamethasone  was 
distal  to  cyclic  AMP  formation  in  the  pituitary. 

As  in  our  previous  studies,  we  found  that  15  min  of  intermittent  footshock 
produced  robust  increases  in  levels  of  pituitary  cyclic  AMP  and  plasma  ACTH.  Also,  as 
has  been  reported  by  others,  we  found  that  dexamethasone  suppressed  stress-induced 
release  of  ACTH.  We  now  repon  for  the  first  time  that  dexamethasone  does  not 
suppress  stress-induced  elevations  in  pituitary  cyclic  AMP  levels  in  vivo. 

These  in  vivo  data  are  in  accord  with  in  vitro  experiments  that  have  shown  that 
dexamethasone  inhibits  ACTH  release  stimulated  by  exogenous  cyclic  AMP  which 
suggests  that  dexamethasone  acts,  at  least  in  part,  on  sites  dist^  to  cyclic  AMP 
formation.  The  present  in  vivo  experiments  as  well  as  the  in  vitro  experiments  cited 
(6,7)  examined  the  effects  of  relatively  long-term  (18-24  hr)  exposure  to  dexamethasone 
on  mechanisms  of  release  of  corticotroph  Immones.  This  Imigth  of  exposure  appears  to 
affect  hormonal  release  at  a  site  distal  to  cyclic  AMP  formation;  perhaps,  by  acting  to 
decrease  ACTH  synthesis.  Glucocorticoids  have  been  shown  to  regulate 
proopiomelanocortin  gene  expression  in  vivo  (31).  Other  glucocorticoid  binding  sites 
may  play  a  more  major  role  in  mediating  the  rapid  feedb^dc  effects  of  endogenously 
relea^  glucocorticoids  in  response  to  stress  or  other  stimuli. 
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